While overall infant mortality rates have declined over the past several decades, the Southeastern states have remained the leading states in high infant death in the United States. In this study, we studied the differences in infant mortality in the southeastern United States from 2005 through 2009 according to mother's characteristics (age of mother, marital status, maternal race, maternal education), birth characteristics (month when maternal prenatal care began, birth weight), and infant's characteristics (age of infant at death). This paper illustrates the significance level of each characteristic of mothers and infants, as well as socioeconomic factors that contribute to significant infant mortality that impacts subgroups within the US population. Descriptive statistics and analysis of variance studies were performed and presented. Statistical analysis of the contribution of causes of infant death to infant mortality at the national and state level was elaborated. Data suggest that mothers with no prenatal care had a very high overall infant death rate (5281.83 and 4262.16 deaths per 100,
Alabama (AL), Florida (FL), Georgia (GA), Louisiana (LA), and Mississippi (MS). These states were selected based on the geographical location and their resembling socioeconomic status, and then these states were compared with the US average.
Methods
This is a retrospective study of data on infant deaths and proportionality of socioeconomic factors collected from the CDC, the American Community Survey, the Department of Commerce, and the US Census Bureau. Only the records of infant death infants under one year of age, as verified by official birth certificates, were collected. We used four main data categories encompassing nine statistical variables (Location: southeastern US; cause of death; Mother's Characteristics: age of mother, marital status, maternal race, maternal education; Birth Characteristics: month when maternal prenatal care began, birth weight; Infant's Characteristics: age of infant at death) for our analysis, all based on linked live birth-infant death cohort files. We used the 2005-2009 birth cohorts (n = 25,229,455). The latest version of the International Statistical Classification of Diseases and Related Health Problems (ICD) was used for the description of causes of infant death. Data for Month Prenatal Care Began, and Maternal Education were not available or comparable for all selected states in the later period of investigation (2007) (2008) (2009) ). Data are presented as mean ± (standard deviation, SD). Descriptive statistics and analysis of variance were performed using SAS-PC version 9.2 (SAS Institute, Cary, NC, USA).
Results

Location: Overall Trends in Infant Mortality
The infant mortality in the five Southeastern states indicated a downward trend from 2005 to 2009 ( Figure S1 ). The decline in the rate during this period was quite impressive, with the average decline being 3.1%, 2.33%, 2.66%, and 3.05% per year, respectively, for Alabama, Georgia, Louisiana, and Mississippi, whereas it was only 1.17% and 1.73% per year for Florida and the US, respectively. Notably, as indicated in Table S1 , all five southeastern states except Florida were significantly different from the US average (p < 0.05). As shown in Table 1 , statistical analysis of infant mortality indicated that Mississippi and Alabama were significantly different from all but Louisiana (p < 0.05). Louisiana was significantly different from Georgia and Florida (p < 0.05). Georgia was significantly from all but Florida (p < 0.05). In addition, the difference in the poverty rate between Mississippi and all the other four states were significant (p < 0.05).
Cause of Deaths
Current ICD-10 categories were used to represent the underlying cause of death from the death certificates. All the major causes of infant death in the Southeastern US, 2005 to 2009, are listed in Figure S2 . The six leading causes are: P07.2 (Extreme immaturity), R95 (Sudden infant death syndrome), R99 (Other ill-defined and unspecified causes of mortality), P07.3 (Other preterm infants), W75 (Accidental suffocation and strangulation in bed), P22.0 (Respiratory distress syndrome of newborn), as shown in Table S1 , and their significance level is shown in Table S2 .
Mother's Characteristics: Age of Mother, Marital Status, Maternal Race, and Maternal Education
Infant mortality rates were highest for mothers in the youngest and oldest age groups (Table S3 ). The infant mortality rate in the entire US for mothers aged less than 15 years, was 1585.19 infant deaths per 100,000 live births, approximately three times the rates for mothers aged 25-29 years, 30-34 years, and 35-39 years, the age groups of the lowest risk (p < 0.05). The significance of infant mortality and age of mother in 2005 to 2009 is shown in Figure 1 . Table S3 , the infant mortality rate for the entire country for mothers aged 45-49 years and 50-54 years was 1163.69 and 1104.65, respectively, approximately twice the rate for mothers in the three age groups at lowest risk.
As shown in
In addition, the fates of babies born of unmarried mothers were significantly different from that of those born to married ones, with rates almost twice as high (p < 0.05, Tables S5 and S6 Figure 3 . Besides, the results indicated that mothers with only 9-11 years of education have the highest infant death rate. For instance, the average infant mortality over five years (2005) (2006) (2007) (2008) (2009) ) was 1630.58 deaths per 100,000 live births in Mississippi (Tables S9 and S10). State comparison for infant mortality based on maternal education from 2005 to 2009 is shown in Figure S3 . 
Birth Characteristics: Month When Maternal Prenatal Care Began, and Birth Weight
Analysis of variance shows that mothers with no prenatal care had a high overall infant death rate ( Figure S4 and Table 2 ). For example, the rates were 5281.83 and 4262.16 deaths per 100,000 births in Mississippi and Louisiana, respectively, whereas the US average was 3074.82 deaths per 100,000 births (p < 0.01, Tables 2 and S11 ). Moreover, our data analysis suggested that 85% or more of babies with birth weight less than 499 grams would die (Tables 3 and S12 ). Our data show that birth weights less than 2500 grams could lead to a relatively high infant death rate, normally higher than 10 deaths per 1000 births ( Figure S5 ). 
Infant's Characteristics: Age of Infant at Death
Our data analysis indicated that the US neonatal and postneonatal mortality rates declined by 7.93% and 4.54%, respectively, from 2005 to 2009 (Tables S13 and S14). The mortality data analysis also indicated that all the southeastern states have higher neonatal and postneonatal mortality compared with US average; particularly, Alabama, Louisiana, Georgia, and Mississippi were significantly different from the US average of post-neonatal deaths (Figure 4 ).
Discussion
Cause of Deaths
Six leading causes of death were revealed by the data analysis as shown in Table S2 , and together they accounted for 57% of all infant deaths in the US also in 2010, according to CDC National Center for Health Statistics reports [8] . High death rates among infants so affected, suggest the crucial role of prematurity in infant mortality. Premature birth is recognized as one of the top causes of death in infants worldwide [9] . Considerable risk for short-term and long-term impairments to an individual's abilities is associated with premature birth. Although extensive efforts to prevent such birth have been made, its prevalence has not been significantly reduced yet [10] .
The second leading cause of death among infants is Sudden Infant Death Syndrome (SIDS). According to the US CDC, approximately four thousand infant deaths in the US each year have no obvious cause [11] . Reports from the US CDC have pointed out that, although the overall national rate of SIDS has decreased by approximately 50% since 1990, the rates for non-Hispanic black and American Indian/Alaska Native infants remain high above those for the rest of the population. For instance, SIDS as the cause of infant death in Alabama increased from 38.05 to 94.44 deaths per 100,000 births, in the years 2005 to 2009. Although the rate of SIDS has been declining in Mississippi, it still remains above 100 deaths per 100,000 births. Thus, reducing the risk of SIDS remains a high public health priority and this study is a contributory effort to provide the predictive analytics to effect a level of management.
Yet another sub-group of sudden, unexpected infant deaths (SUIDs) comprises those caused by accidental suffocation and strangulation in bed (ASSB). Couches, poor-fitting crib mattresses, and infant beds filled with clutter are the most frequent sites/causes of the infant deaths by these modes. They caused an average of 60.19 deaths per 100,000 births in Mississippi from 2005 to 2009, while causing commensurately high death rates in Florida and Louisiana as well. Noticeably, the cause of ASSB for infant mortality increased from 25.19 to 32.52 deaths per 100,000 births in Florida during the selected five year period. In addition, Shapiro-Mendoza and coworkers reported that infant mortality rates attributable to ASSB have quadrupled in US since 1984 [12] . Furthermore, recent evidence showed that the decline in SIDS was offset by an increase in ASSB [13] . However, it has been suggested that the procedures for classifying and reporting SUIDs should be modified. Arguably though, increased knowledge of the epidemiology of ASSB deaths must precede any such modifications and any investigations of prevention.
Adding to the list of causes of infant mortality is infant respiratory distress syndrome (IRDS). IRDS is a common syndrome in premature infants caused by developmental immaturity and insufficiency of surfactant production in the lungs. Our data indicated that IRDS is one of the leading causes of neonatal death resulting from respiratory distress, which agrees with existing reports [14] . Rodriguez also suggested that it is associated with the production of surfactant related proteins, the health condition of mother, and the gestational age [14] . Although IRDS plays a major role in infant death statistics, its prevalence decreased in the period 2005 to 2009 for all five southeastern states and the entire US, revealing a positive sign.
According to our results, Louisiana and Mississippi were significantly different from the US average in the first two leading causes, as shown in Table S1 . It is clear that extreme immaturity and SIDS are the major problems accounting for the high infant death rates in these two states (Table S2) .
Mother's Characteristics
It is clear that teenage mothers, and mothers aged 40 and older have the highest infant mortality rates. In addition, there is a clear pattern in the 40-44 age group, in these states which differ from the US average with higher infant death rates (Table S4 ). It was also reported that there was a strong correlation between young maternal age and high infant mortality and between young maternal age and a high prevalence of low birth weight [15] .
Marital status is also one of the factors that may be causally correlated with infant mortality. It is suggested that the increased risk of infant mortality is closely associated with single motherhood. Alabama, Louisiana, and Mississippi, exhibited significant higher death rates than the US (p < 0.05). In addition, among white mothers, age, education level and receipt of prenatal care all show significant interactions with marital status; the increased risks of infant mortality attributed to unmarried motherhood are concentrated among subgroups usually thought to be at lower risks [16] . Statistical analysis reveals that the infant mortality rate for Black or African-Americans in the southeastern states is higher than that of other ethnic groups, and actually about twice that for Whites, Asians, and Pacific Islanders. It accounts largely for the high mortality rate in those states with higher percentages of minorities, specifically, Mississippi, Louisiana, Alabama, and Georgia.
Furthermore, the racial disparity is consistent in the Southeastern states, where the rates in Alabama, Louisiana, and Mississippi differed significantly from the nation as a whole (p < 0.05). In Mississippi, 40% of infants were born to black women, which raised the infant mortality rate of the state as a whole. Additionally, although most black women give birth at term, on average, black women are about 50% more likely to have a premature baby compared to white women [17] . The reasons for the difference remain unknown and are an area for the further research. However, it has been reported that prematurity/low birth weight is the leading cause of death among black infants [18] .
This study also examined inequalities in infant mortality in the Southeastern states in relation to maternal educational level. The overall death rate is more than twice the rate for mothers with more than 16 years of education, the group with the lowest infant death rate. This scheme is prevalent throughout these Southeastern states, leading to the inequalities in infant mortality. Three of the five states studied, Alabama, Louisiana, and Mississippi, were significantly different from the US national average, based on our statistics analysis (p < 0.05). In substantiation of the education-infant mortality connection, this pattern also holds true for other countries; infant mortality is lowest in the highest educational group and increases in the lower educational groups [19] .
Birth Characteristics
Prenatal care refers to the health services that pregnant women receive before a baby's birth. Having regular monitoring inspection, potential diseases that may endanger the mother or baby can be discovered and treated in a timely manner. In addition, proper prenatal care can provide balanced nutrition for both mother and baby, and foster stable mental health. It is clear that infant death rates increase dramatically with the continuing postponement of the beginning of maternal prenatal care. The infant death rate for mothers with prenatal care beginning from the first month was only one-fifth of the rate for those with no prenatal care.
Furthermore, the initiation and fulfillment of prenatal care are affected by maternal age. Only one-third of mothers under the age of 15, and about half of those aged 15-19 tend to receive prenatal care in the first trimester, indicating young mothers were least likely to seek and receive regular prenatal care [20] . On the contrary, more than 70% of those aged 25 years and older initiated early and timely prenatal care. This is also associated with their tendency to have sufficient education. Prenatal care differentials in infant mortality rates may reflect differences in income, educational levels, access to health care, and health insurance, which are closely related to the age of mother and their independency. Quick and coworkers reported that low birth weight and infant mortality rate were 1.5 to 5 times greater than those with early, frequent care [21] . Because of this, it is important that pregnant women not only begin prenatal care early, but also receive continuous care throughout their pregnancy.
Infant's Characteristics
Age of infant at death include calculations for two age-specific categories: neonatal deaths and post-neonatal deaths. The neonatal death rate is calculated as the number of infant deaths that occur between 0-27 days of life divided by the number of live births, multiplied by 100,000. The postneonatal death rate is calculated as the number of infant deaths that occur from 28 days to under one year of life, divided by the number of live births, multiplied by 100,000. Notably, the extremely high post-neonatal mortality in Alabama (348.32 ± 24.10 deaths per 100,000 live births), Mississippi (416.72 ± 31.67 deaths per 100,000 live births), and Louisiana (396.93 ± 27.36 deaths per 100,000 live births) significantly suppressed the overall trend in US (228.01 ± 5.78 deaths per 100,000 live births). It is suggested that post-neonatal mortality is generally related to SIDS, the second leading cause for infant mortality [22] . Noticeably, post-neonatal mortality is closely related to race. According to the report published by U.S. Department of Health and Human Services in 2011 [20] , the post-neonatal mortality was 451 deaths per 100,000 live births for Black and Hispanic women, while it was only 184 and 182 deaths per 100,000 live births for non-Hispanic White and Hispanic women, respectively.
Prospects for the Future and Policy Considerations
Although the rate of infant mortality has been declining and the positive changes have been achieved in controlling the health of new born babies over the past decade, there is still work that needs to be done in the decades ahead. All the Southeastern states, especially Alabama, Louisiana, and Mississippi have much room for improvement of the health and well-being of women, infants and families. Infant mortality still remains at high levels compared to the other regions in the US. Support for early and continuous maternal prenatal care and education are urgent public concerns. Sufficient education could lead to higher family income, better health care, and ultimately benefit our next generation.
As the African-American population of the Southeastern states increases, it becomes increasingly essential that health care providers and policymakers increase their awareness and pay more attention to the cultural background of regional residents, increasing education and training in these aspects of health care delivery. In addition, collaboration between the private and governmental care organizations to improve health care should be enhanced to help mothers and babies remaining in the care systems. State, county, and local governments must address basic mental health and social services needs of the low-income women and families. Fulfilling those needs is essential for creating a healthier future, and a long term agenda for those actions must be identified and instituted in the coming decades.
Limitations of the Study
A limitation of the present study is that some data is not available from CDC database. For instance, data for Month Prenatal Care Began (Figure 4 and Tables 2 and S11), and Maternal Education ( Figure S3) were not available or comparable for all selected states in the later period of investigation (2007) (2008) (2009) . Another limitation of this study is that we mainly focus on descriptive analysis and the analysis of variance. Future work will pay more attention to the correlation coefficients among all variables with a multivariable approach.
Conclusions
Age of mother, marital status, maternal race, maternal education, month when maternal prenatal care began, and birth weight play the leading roles in determining the infant death rate in the US, despite the improvement observed during the selected five years. It is most crucial for the high infant death rates in the Southeastern states, Alabama, Louisiana, and Mississippi, particularly. The association between poverty reduction and infant mortality provides an overall view of socioeconomic influence and a gauge of the impact of life-threatening factors. In order to provide a more comprehensive review of their association, more socioeconomic and cultural factors need to be analyzed. It is critical to educate mothers in the necessity to seek prenatal care. Women, with adequate education, could avoid teenage pregnancy and seek appropriate health care. A better socioeconomic status with education could sustain women's good health prior to becoming pregnant, and ensure proper infant care. It is also critical that effective infant and maternal health monitoring and information systems have the capacity to provide a full spectrum of perinatal outcomes.
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